Biological and chemical investigations were carried out to evaluate the antimicrobial potential of Melaleuca genistifolia leaf oil for herbal medicines. The disk diffusion and micro broth dilution methods were used for the evaluation of the antimicrobial activity of the essential oil and its major constituent, methyl eugenol against the five selected bacterial and five fungal strains. The oil was active against all the tested bacterial and fungal strains. The oil was highly active against Staphylococcus epidermidis and significantly active against S. aureus, Sporothrix schenckii and Trichophyton rubrum, while methyl eugenol was significantly active against Enterococcus faecalis, Streptococcus mutans and Escherichia coli. GC and GC-MS analysis of the oil resulted in the identification of twenty two constituents representing 99.4% of the oil. The chemo type identified had a high methyl eugenol (88.1%) content. The essential oil could be of use for the future development of antimicrobial herbal products.
Although the essential oil composition and antibacterial and antifungal properties of various Melaleuca species from different origins have been studied [1a-1f] , to the best of our knowledge, no work on the antimicrobial properties and chemical composition of M. genistifolia has been carried out.
The volatile oil was obtained by conventional hydro distillation of M. genistifolia leaves in a Clevengertype apparatus, which yielded 0.36% oil (v/w), on a fresh weight basis. GC and GC/MS analysis of M. genistifolia oil showed that it contained methyl eugenol as a major constituent. There are some reports on the antimicrobial potential of methyl eugenol and methyl eugenol rich essential oils [1g-1l] , which prompted us to carry out an antimicrobial evaluation and detailed GC and GC/MS analysis of M. genistifolia oil. The antibacterial potential of the leaf oil and its major constituent, methyl eugenol (1), were evaluated against a set of human pathogenic bacterial strains and the results are given in Table 1 , which show that the essential oil and methyl eugenol had different MICs for different bacteria. The oil was highly active against S. epidermidis and significantly active against S. aureus. On the other hand, methyl eugenol was active against all the tested bacteria, but significantly active against E. faecalis, S. mutans and E coli. The antifungal potential of the essential oil was evaluated against a set of human pathogenic fungal strains and the results are given in Table 2 , which showed that the essential oil was highly active against Trichophyton rubrum and Sporothrix schenckii and significantly active against Aspergillus flavus, A. niger and Candida albicans.
GC and GC/MS analysis of the oil enabled identification of 22 constituents representing 99.4% of the oil. The qualitative and quantitative analytical results of the volatile components identified are presented in Table 3 , according to their order of elution from a BP-1 column. Methyl eugenol (88.1%) was characterized as the major constituent of the oil. This oil was also characterized by the presence of α-phellandrene (2.0%), terpinolene (1.7%), 1, 8-cineole (1.3%), linalool (1.3%), p-cymene (0.9%), (E)-β-terpineol (0.8%) and eugenol (0.6%). In addition, methyl eugenol (1) was isolated in pure form by column chromatography and its structure determined with the help of 1 H and 13 C NMR spectroscopic data (supplementary data). Further confirmation of 1 as methyl eugenol was obtained by carrying out its semi synthesis from eugenol (2) . The synthetic product had identical TLC, 1 H and 13 C NMR spectroscopic features as the natural product (1). This study is the first to evaluate the antimicrobial and chemical composition. 
Isolation of essential oil:
The volatile oil of M. genistifolia was obtained in 0.36% yield (v/w) by hydrodistillation of the leaves in a conventional Clevenger type apparatus. The oil was dried over anhydrous sodium sulfate and kept in a sterile sample tube in the refrigerator at 4 o C until analysis.
Microbial strains used:
The antimicrobial activity of the essential oil was analyzed using the following strains procured as microbial type culture collections 
Determination of antimicrobial activity
Disk diffusion assay: The antimicrobial activity was determined according to the methods of Bauer et al. [2] and Wannisorn et al. [3] . All strains were sub cultured from -80 o C stock culture into 5 mL Mueller-Hinton broth for bacteria and Sabouraud dextrose broth (SDB) for fungi (Hi-Media), and incubated for 24 h at the desired temperatures. The inoculums of the test microbes were prepared equivalent to the 0.5 McFarland Standards, as described in NCCLS protocols. Uniform lawns of each of the selected microbes were made using 100 μL inoculum on nutrient agar for bacteria and SDA plate for fungi. Then filter paper (Whatman) discs (5 mm) containing essential oil (5 µL) were placed over the seeded plates. The plates were incubated at 37 o C for 24 h for bacteria and 28 o C for 48 h for fungi. The activity was measured in terms of zone of microbial growth inhibition. First, the diameter of the total zone was measured (including disc). Then the diameter of the disc was subtracted from the total zone to obtain the net zone of growth inhibition. The tests were performed in triplicate to confirm the findings. The net zone of growth inhibition above 10 mm was considered as highly active, 4-10 mm moderately active, and less than 4 mm either weakly active or inactive.
Broth dilution assay:
The minimum inhibitory concentration (MIC) was determined using the two fold serial micro broth dilution technique using a 96 well micro plate [4] . The tested oil and methyl eugenol (1) were added to sterile Mueller Hinton broth for bacteria and Sabouraud dextrose broth (SDB) for fungi in micro titer plates before the diluted microbial suspension (final inoculum of 10 4 cfu/mL) was added. The samples were assayed in triplicate. The MIC values were taken as the lowest concentration of the test oil / compound in the wells of the micro titer plate that showed no turbidity after 24 h of incubation at 37 o C for bacteria and 28 o C for 48 h for fungi. The turbidity of the wells in the micro titer plate was interpreted as visible growth of the microorganism.
GC analysis:
The essential oil composition of M. genistifolia was analyzed using a Perkin-Elmer GC 8500 equipped with a flame ionization detector, using BP-1 (polydimethyl siloxane; 25m x 0.32 mm, film thickness 0.25 m) and BP-20 (Carbowax 20M) columns (30 m x 0.32 mm, film thickness 0.25 μm).
Nitrogen was used as carrier gas at 10 psi inlet pressure. The oven temperature was programmed from 60ºC to 220ºC at 5ºC/min. and then held isothermal at 220ºC for 13 min. The injector and detector temperatures were 250 o C and 300 o C, respectively. The oil was injected neat with a split ratio of 1:80. Duplicate analyses were performed and quantitative results are the mean of the data derived from GC analysis. Relative amounts of individual components are based on GC peak areas obtained without FID response factor correction. The retention indices were obtained from gas chromatograms by logarithmic interpolation between bracketing n-alkanes. The homologous series of n-alkanes (C8-C22, Poly Science, Niles, USA) were used as standards.
GC MS analysis:
GC-MS data were obtained on a Perkin Elmer Mass Spectrometer using a PE-5 column (30 m x 0.32 mm, film thickness 0.25 µm), and helium as carrier gas. Temperature programming was for 2 minutes at 100ºC, then rising at 5ºC/min. to 220ºC with a hold time of 20 minutes at 220ºC. 1 H and 13 C NMR spectroscopic analysis: 1 H and 13 C NMR spectra were recorded on a Brucker DRX (300/75 MHz) instrument in CDCl 3 solution at 25°C. The signal of the deuterated solvent (CDCl 3 ) was taken as the reference (the singlet at δ 7.25 for 1 H NMR and triplet centered at δ 77.00 for 13 C NMR). The carbon atom types (C, CH, CH 2 , CH 3 ) were determined with DEPT pulse sequence.
Identification of compounds:
The individual peaks in the GC of M. genistifolia oil were identified by comparison of their retention indices on the BP-1 and BP-20 columns with literature values [5] . The final confirmation of constituents was made by computer matching of the mass spectra of peaks with Wiley and NIST libraries mass spectral database and literature [6] Chirality analysis was not performed. TLC plates were visualized by spraying with 10% H 2 SO 4 solution, followed by heating at 100 o C for a few minutes. The purified compounds were characterized on the basis of their 1 H and 13 C NMR spectroscopic data and chemical correlation.
Isolation and characterization of major constituent of M. genistifolia oil: M. genistifolia oil (1.09 g) was subjected to column chromatographic separation over silica gel. Elution of the column was carried out with n-hexane and chloroform in increasing polarity, which yielded compound 1 (520 mg).
Chemical correlation of methyl eugenol: Eugenol (2, 99% pure, procured from M/S Loba Chemicals, India), after proper characterization (supplementary data), was dissolved in acetone. Methyl iodide (1.2 eq.) was added in the presence of K 2 CO 3 and the reaction mixture was stirred at room temperature over night. After completion of the reaction, usual workup afforded the product, which on column chromatographic separation resulted in the isolation of methyl eugenol (1), having the same spectroscopic characteristics as 1.
